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NjO, CH^ and NHj appear to be marginally important at present. These gases 
would fill in the window from the left as C0 2 does from the right if they were 
to increase. Most recently Lac is et_ al . [9] calculated that the warming from 
the increase in trace gases, CH 4 , NjO and chlorofluorocarbons during 1970-1980 
amounts to 50% to 100% of that due to C0 2 in the same period. Apparently 
then, all increases in greenhouse gases plus aerosols should be considered in 
the total anthropogenic effect. 

IV. DESCRIPTION OP THE MODELS 

A. Radiation Balance Model 

The description and results given here for this most primitive of models 
follows the standard derivations and results of others, eg Chamberlain [10]. 

Picture the earth as a uniformly rotating ball with a homogeneous atmo- 
sphere in radiative balance with the mean solar heat flux at the top of the 
atmosphere of Sq ” 1367 watts/meter 7 . Moreover, suppose that in equilibrium 
the earth radiates as a black body at the effective temperature T e . The sun's 
radiative flux is plane parallel with a certain fraction, the albedo a, being 
reflected into space. The amount itR Z (1 - a) Sq is absorbed; irR Z is the ef- 
fective area for plane parallel rays striking a spherical earth with radius R. 
The absorbed energy is reradiated according to the radiation balance equation: 

A . -6^ tr^-vO 

(4rR 2 ) aT e * - (rR z ) (1 - a)S 0> 6 (1) 

where the Stefan-Boltzmann constant a = 0.56687 x 10 -7 watts/m Z /°K 4 . For the 
value a = 0.3, the effective radiation temperature of the earth T e = 254. 4°K. 


A simple relation between surface temperature, T g and T g can be derived 
from the following conditions: the thermal radiation is in local thermody- 

namic equilibrium with the atmospheric gases; the absorption coefficient is 
independent of frequency (the grey gas approximation); the atmosphere can be 
treated in a plane parallel geometry; and the thermal radiation flux goes 
either vertically up or vertically down. From this it is simple to derive 
[10] the relation 

T s “ - T e " (1 + 0.75 t g ), (2) 

where t g is the effective optical depth of the atmosphere - a non dimensional 
measure of the opacity or absorbing capacity of the atmosphere. So far the 
theory does pot give a value for r g . 

From Eqs. (1) and (2) we get 

oT 4 (1 - o)S 

e 4 -— ' < 3 > 
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rtical temperature lapse rate curve resulting 
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